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fs«) Procede rapide de detection et/ou d'identification d'une seule base sur une sequence d'acide 
nucieique, et ses applications. 
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© Ce procede est caracterise en ce que : 

(1) on hybride la sequence sur laquelle se trouve 
la base a identifier avec un nucleotide de lon- 
gueur suffisante ; 

(2) on debute la synthese du brin complementaire 
de I'hybride obtenu en (1), - ledit nucleotide ser- 
vant d'amorce -, en presence : 

- d'une polymerase sans action exonuclease 3 5 
et 

- d'au moins une base nucleotidique modifiee ; 

(3) on detects la base nucleotidique bloquante 
incorporee par tout moyen approprie. 

Application : diagnostic des maladies geneti- 
ques. 
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PROCEDE RAPIDE DE DETECTION ET/OU O'IDENTIFICATION D'UNE SEULE BASE SUR UNE SEQUENCE 
D'ACIDE NUCLE1QUE, ET SES APPLICATIONS. 



La presente invention est relative a un procede 
de detection et/ou d'identification d'une seule base 
sur une sequence d'acide nucleique, ainsi qu'a ses 
applications, notamment dans le diagnostic des 
maladies genetiques et dans le controle d'une hy- 
bridation. 

L'hybridation d'acide nucleique a ete utifisee 
pour etudier Tidentite et etablir la presence d'aci- 
des nucieiques. L'hybridation est basee sur I'appa- 
riement de bases complementaires. Lorsque des 
acides nucieiques simple brin complementaires 
sont incubes ensemble, lesdits acides nucieiques 
simple brin s'apparient pour former une molecule 
hybride double brin. La capacite de I'ADN simple 
brin ou de TARN a former une structure avec une 
sequence d'acide nucletque complements re est 
utilisee comme methode d'analyse et de diagnos- 
tic. La disponibiiite de nucleosides triphosphates 
radioactifs ayant une activite specifique importante 
et le marquage de I'ADN au 32 P en presence 
d'enzymes a fonction polymerase, par exemple la 
Ta kinase, a permis d'identifier, d'isoler et de ca- 
racteriser de nombreuses sequences d'acides nu- 
cieiques d'interet biofogique. 

L'hybridation represente un critere important 
dans la detection de la presence de sequence 
d'acide nucleique particulieres comme par exemple 

- dans les maladies genetiques humaines ou ani- 
mates ou une modification hereditaire du patrimoi- 
ne genetique a des consequences morbides (par 
insertion, deletion ou mutation ponctuelle d'une se- 
quence particuliere) ; 

- dans les maladies cancereuses, ou des rearran- 
gements de I'ADN genomique sont observes ; 

- au cours des infections ou Ton decele la presen- 
ce de genomes etrangers tels que celui des mt- 
croorganismes (bacteries, champignons et virus 
par exempie) ; 

- pour I'identification des individus en general : 

. en medecine legale (paternite, filiation par exem- 
ple), 

. dans le domaine agroalimentaire (plantes, contro- 
le sanitaire par exemple). 

Cependant. ('hybridation comme outil de dia- 
gnostic peut etre limitee par ta difficulte de sa mise 
en oeuvre (techniques lourdes) ou par ('absence de 
specificite de l'hybridation (protocole operatoire). 

En effet I'etude chimique de l'hybridation a 
mis en evidence I'influence de la concentration de 
chacun des brins d'acides nucieiques impliques, 
de leurs longueurs, de leurs compositions en ba- 
ses, de la temperature, du pH, de la force ionique. 
de la viscosite du milieu. 



La temperature notamment, est critique et doit 
rester inferieure a la temperature de fusion (Tm : 
temperature a laquelle 50 % des sequences sont 
sous forme double brin). En solution, la temperatu- 

s re optimale d'hybridation est 25 * C en dessous de 
la Tm pour une sonde de 150 nucleotides et lege- 
rement plus basse pour les sondes plus courtes. 

Ainsi lorsque I'on veut detecter un mutation 
portant sur une seule base, on peut generalement 

jo utiliser, selon les cas, deux types de sondes : des 
sondes d'acide nucleique dites longues, superieu- 
res a 150 nucleotides en general, ou des sondes 
d'acide nucleique dites courtes entre 17 et 24 
nucleotides en general. Si la mutation intervient 

75 dans un site reconnu specifiquement par une enzy- 
me dite de restriction, on peut utiliser la technique 
de Southern : cefle-ci comporte les etapes d'isole- 
ment de I'ADN, de digestion par I'enzyme de res- 
triction, d'electrophorese sur gel. de transfer! sur 

20 une membrane et d'hybridation a I'aide d'une son- 
de longue interessant la region de la mutation ; 
apres lavage et autoradiographie, I'anaiyse des tall- 
ies des fragments obtenus permet d'infirmer ou 
confirmer la presence de la mutation. Le procede 

25 tres lourd necessite que la mutation interesse un 
site de restriction. Si ce n'est pas le cas, on peut 
synthetiser une sonde courte oligonucleotidique de 
17 a 24 nucleotides dont le centre coincide avec la 
mutation que I'on veut detecter. En choisissant des 

30 conditions appropriees d'hybridation et de ringage 
(specifique de chaque systeme), on ne peut obtenir 
une hybridation a I'aide de ('oligonucleotide mar- 
quee qu'en cas d'homologie parfaite (une seule 
difference nucleotidique, notamment a I'endroit de 

35 la mutation, entraTne la destabilisation de l'hybrida- 
tion). 

Cependant, ces differentes methodes presen- 
tent un certain nombre d'inconvenients: 

- conditions de temperature difficiles a maftriser, 
40 pour obtenir une hybridation appropriee \ 

- eventuellement presence obligatoire d'un site de 
restriction ; 

- immobilisation de I'acide nucleique sur membra- 
ne (Southern blot). 

45 Le Brevet Americain AMERSHAM n* 4 656 

127, a permis de pallier certains de ces inconve- 
nients, notamment en ce qu'ii permet de detecter 
une mutation presente a un endroit ne presentant 
pas de site de ciivage par une enzyme de restnc- 

50 tion. 

Ce Brevet Americain n* 4 656 127, decrit une 
methode de detection de la mutation d'une base 
nucleotique specifique dans un fragment d'acide 
nucleique (ADN ou ARN) cible par : 
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(a) hybridation d'une sonde avec la sequence 
able pour former un hybride d'acide nucleique, 
dans lequel une extremite de la sonde est hybri- 
dee de maniere adjacente a la base nucleotidi- 
que specifique ; 

(b) melange de I'hybride avec un derive nucleo- 
tidique dans des conditions appropriees a I'elon- 
gation de la sonde, de maniere a permettre la 
jonction derive nucleotidique - extremite de la 
sonde, seulement si !a base specifique dans la 
sequence cible est (ou n'est pas) la mutation a 
detecter, une sonde associee audit derive nu- 
cleotidique etant resistante a une digestion dans 
des conditions particulieres ; 

(c) digestion de I'hybride par une exonuclease 
dans des conditions telles que le fragment dou- 
ble brin est progressivement digere a partir de 
['extremite de la sonde a moins que ladite extre- 
mite ait ete mise en jonction avec ledit derive 
nucleotidique ; 

(d) elimination des portions de la sonde qui ne 
sont plus hybridees a la chatne d'acide nuclei- 
que ; 

(e) et detection d'une mutation de la base nu- 
cleotidique specifique dans la sequence cible 
par detection de la presence ou de I'absence de 
la sonde apres digestion. 

Ce precede implique en particulier en plus de 
la sonde, I'utilisation d'un derive nucleotidique 
ayant des proprietes particulieres et comporte de 
ce fait encore de nombreuses etapes De plus, il 
necessite, pour sa realisation, une immobilisation 
de I'acide nucleique sur une membrane et egale- 
ment un marquage (de la sonde ou du derive 
nucleotidique). 

La presente invention s'est en consequence, 
donne pour but de pourvoir a un procede (^identifi- 
cation d'une base nucleotidique specifique, aise et 
rapide a mettre en oeuvre, qui repond mieux aux 
necessites de la pratique que les procedes de t'Art 
anterieur, notamment en ce que le procede confor- 
me a I'invention ne necessite pas un protocole 
operatoire complexe, e'est-a-dire ne necessite ni 
immobilisation de I'ADN, ni marquage de la sonde, 
et s'applique a la detection de sequences d'acide 
nucleique particulieres, notamment dans les mala- 
dies genetiques, les maladies cancereuses, les in- 
fections, l'identification d'mdividus humains, ani- 
maux ou vegetaux. 

La presente invention a pour objet un procede 
de detection et/ou d'identification d'une base nu- 
cleotidique specifique presente sur une sequence 
d'acide nucleique, caractense en ce que : 

(1) on hybride la sequence sur laquelle se trou- 
ve la base a identifier avec un nucleotide de 
longueur suffisante pour permettre une hybrida- 
tion correcte, quelle que soit la temperature de 
reaction, ledit nucleotide s'hybridant avec la se- 
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quence cible, de maniere a ce que son extremi- 
te 3 soit adjacente a la base nucleotidique 
specifique a detecter et/ou a identifier ; 

(2) on debute la synthese du brin complementai- 
5 re de I'hybride obtenu en (1), - ledit nucleotide 

servant d'amorce -, en presence : 

- d'une polymerase sans action exonuclease 
3 5 et 

- d'au moins une base nucleotidique modifiee, 
70 de maniere a etre incorporable dans le produit 

d'extension de I'amorce, ladite incorporation bio- 
quant ['elongation dudit produit d'extension ; 

(3) on detecte la base nucleotidique bloquante 
incorporee par tout moyen approprie, ladite de- 

75 tection permettant d'identifier la base nucleotidi- 
que specifique complementaire presente sur la 
sequence cible a analyser. 
On entend par nucleotide, au sens de ia pre- 
sente invention, aussi bien un oligonucleotide, qui 
20 comprend de 10 a 50 bases qu'un nucleotide pou- 
vant comprendre plus de cent bases. 

Selon un mode de mise en oeuvre avantageux 
dudit procede, les bases nucleotidiques bloquantes 
sont des didesoxynucleotides. 
25 Selon un autre mode de mise en oeuvre avan- 

tageux dudit procede, lesdites bases nucleotidi- 
ques bloquantes sont marquees de maniere appro- 
pnee notamment par un marqueur choisi dans le 
groupe qui comprend des sub stances radioacti- 
30 ves, des enzymes, des produits chimiques chromo- 
phores fluorescents ou chimioluminescents et des 
anticorps appropries. 

Selon une disposition avantageuse de ce mode 
de mise en oeuvre, le marqueur est identique ou 
35 different pour chacune des bases nucleotidiques 
bloquantes. 

Selon une modalite de cette disposition, lors- 
que les quatre bases bloquantes sont marquees a 
I'aide de marqueurs differents, la detection des 
40 quatre nucleotides bloquants est avantageusement 
simultanee. 

Selon un autre mode de mise en oeuvre avan- 
tageux dudit procede, lorsque les quatre bases 
bloquantes sont marquees de maniere identique ou 
45 bien lorsqu'elles ne sont pas marquees, la detec- 
tion des quatre nucleotides bloquants est realisee 
successivement et/ou separement. 

Selon une disposition avantageuse de ce mode 
de mise en oeuvre, on detecte, de maniere appro- 
50 priee, le pyrophosphate forme lors de la reaction 
de polymerisation. 

En effet, la reaction de polymerisation genere 
la production d'un pyrophosphate, comme suit : 
matrice - amorce + dNTP ---> matrice - {amorce 
55 + dNMP) + PP f . 

En mesurant ie pyrophosphate dans chaque 
tube de reaction, il est possible de determiner pour 
laquelle des bases une reaction de polymerisation 
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s'est produite. 

Selon une autre disposition avantageuse de ce 
mode de mise en oeuvre, on detecte chaque base 
nucleotidique marquee. 

En effet, chaque tube de reaction contient, en 
ce cas, une seule base nucleotidique marquee, les 
trois autres ne I'etant pas ; la mesure de la base 
marquee (par fluorescence, radioactivite...) permet 
de determiner pour laquelle des bases une reaction 
de polymerisation s'est produite, les bases mar- 
quees non incorporees etant eliminees par lavage. 

Le procede conforme a I'invention a notam- 
ment I'avantage de permettre de definir les condi- 
tions operatoires, independamment de la base nu- 
cleotidique a identifier et de ne pas necessiter 
d'immobiiisation de Pacide nucleique sur une mem- 
brane. 

La presente invention a egalement pour objet 
un kit ou coffret de diagnostic, pret a I'emploi, pour 
la mise en oeuvre du procede conforme a I'inven- 
tion, caracterise en ce qu'il comprend outre les 
quantites convenables de reactifs et tampons adap- 
tes a la mise en oeuvre du procede : 

- des quantites appropriees d'un nucleotide 
(servant d'amorce) capable de s'hybrider avec la 
sequence cible de maniere a ce que son extremite 
3 soit adjacente a la base nucleotidique specifique 
a de teeter ; 

- des quantites appropriees de quatre bases nu- 
cleotidiques modifiees de maniere a etre incorpora- 
bles dans le produit d'extension de I'amorce tout 
en bloquant I'elongation dudit produit d'extension ; 
et 

- des quantites appropriees d'une polymerase sans 
action exonuclease 3 5'. 

Selon un mode de realisation avantageux dudit 
kit ou coffret, les bases nucleotidiques modifiees 
sont des didesoxynucleotides (ddTTP, ddGTP, 
ddATP, ddCTP). 

Selon un autre mode de realisation avantageux 
dudit kit ou coffret, les bases nucleotidiques modi- 
fiees sont marquees de maniere appropriee notam- 
ment par un marqueur choisi dans le groupe qui 
comprend des substances radioactives, des enzy- 
mes, des produits chimiques chromophores fluo- 
rescents ou chimioluminescents et des anticorps 
appropries. 

Selon encore un autre mode de realisation 
avantageux dudit kit ou coffret, il comprend, en 
outre, des reactifs appropries pour le dosage du 
pyrophosphate. 

Outre les dispositions qui precedent, I'invention 
comprend encore d'autres dispositions, qui ressor- 
tiront de la description qui va suivre. 

L'invention sera mieux comprise a I'aide du 
complement de description qui va suivre, qui se 
refere a des examples de mise en oeuvre du 
procede objet de la presente invention. 



II doit etre bien entendu, toutefois, que ces 
exemples sont donnes uniquement a titre d'illustra- 
tion de I'objet de I'invention, dont ils ne constituent 
en aucune maniere une limitation. 



Exemple 1 : diagnostic de la drepanocytose par le 
procede conforme a I'invention (mesure des~dlde^ 
soxynucleotides fluorescents). ~~ ~ 

to 

La drepanocytose ou anemie falciforme est 
due a une mutation dans Tun des exons du gene jS 
codant pour la chaTne jS de I'hemoglobine (Hb). 
Cette mutation consistant en une substitution d'une 

rs adenine (A) par une thymine (T), modifie le codon 
GAG, traduit en "un acide glutamique (en position 
G) dans I'Hb normale, en codon GTG, traduit en 
une valine dans I'Hb anormale (HbS). L' ADN qui a 
ete utilise dans cet exemple correspond a une 

20 sequence d'ADN amplifie sirnple-brin. 



a) Blocage des amorces d'amplification. 



25 * melanger dans un tube de microcentrifuga- 

tion, pour chaque ADN matrice : 

- 100 ng d'ADN (simple-brin amplifie) 

- 7 u! de tampon Sequenase 5X (= Tris-HCl pH 
7,5, 200 mM ; NaCI, 250 mM ; MgCl 2 , 100 mM) 

30 - H 2 0 qsp 22 ul 

* agiter a I'aide d'un vortex et centrifuger rapide- 
ment 

" incuber au bain-marie a 95* C pendant 2 minutes. 

* enlever vite et placer au bain-marie a 37° C 
35 pendant 10 minutes. 

' preparer le tampon de reaction pour un echantil- 
lon d'ADN. constitue de : 

- 2.5 ul DTT 0,1 M 

- 1 u\ d'un melange de ddNTP.dilue au 1/400 
40 (ddTTP : 112 (XM ; ddGTP : 1,12 uM ; ddATP : 

3,36 uM ; ddCTP : 8,96 uM) ; et 

- H 2 0 qsp 6,5 ul 

- Sequenase 1 ul (3 unites) 

* enlever les tubes du bain-marie et centrifuger 
45 rapidement, 

' ajouter le tampon de reaction et melanger, 

* placer au bain-marie a 37° C, pendant 5 minutes, 

* enlever les tubes et les placer dans la glace. 



b) Elimination des didesoxynucleotides froids en 



On utilise les systemes de microseparation 
Centricon 3 ou 10 (Amicon) qui, par filtration sur 
membrane acceleree par centrtfugation, permettent 
de retenir des especes moleculaires de poids mo- 
leculaire superieur a 3 000 ou 10 000 Daltons (par 
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exemple: un nucleotide correspond a 330 D et un 
oligonucleotide de synthese de 20 meres corres- 
pond a 6 600 D). 

- disposer le volume reactionnel issu de a) dans un 
"Centricon" 3 ou 10 et diluer si necessaire, 

- centrifuger a moins de 5 000 g en suivant ies 
instructions du fabricant, de facon a recuperer un 
volume minimal, 

- inverser le systeme "Centricon", 

- centrifuger pour recuperer le volume reactionnel, 

- ramener le volume obtenu a 12 ul. 
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de detecter au niveau de la position correspondant 
a une eventuelle mutation, ['incorporation d'un 
ddATP en a, pour I'individu sain et pour I'individu 
malade homozygote en b, ['incorporation d'un 
5 ddTTP. 



Exemple 2 : Microsequengage d'une base sur 
une sequence d'acide nucieique ( ADN du 
w bacteriophage Ml 3 mp8). " 



c) Microsequengage (procede conforme a I'inven- 
tion) 

* Pour chaque tube d'ADN, ajouter aux 12 ul : 
-15 ng d'oligonucleotide 5 CATGGTGCACCT- 
GACTCCTG 3' (OA), correspondant a la sequence 
s'arretant a la base adjacente a la position de la 
mutation 

- 7 ul de Tampon Sequenase 5X tel que defini en 
a) ci-dessus et proceder comme dans a) ; puis 

* preparer le tampon de reaction constitue pour 
chaque echantillon de : 

- 2,5 Ul DTT 0,1 M 

- 1 ul d'une dilution au 1/400eme d'un melange de 
ddNTP fluorescents (ddTTP* : 112uM ; ddGTP" : 
1,1 2uM ; ddATP' : 3 t 36uM ; ddCTP* ; 8,96uM). 
Les didesoxynucleotides fluorescents sont vendus 
par Du Pont (GenesisTM 2000 DNA Analysis Sys- 
tem) ; 

- H 2 0 qsp 6,5 u! 

- Sequenase 1 ul (3 unites) 

* enlever les tubes du bain-marie, centrifuger rapi- 
dement, 

* ajouter le tampon de reaction, melanger, 

* placer au bain-marie a 37* C, pendant 5 mns, 

* enlever les tubes et placer les dans la glace. 



d) Lavage des didesoxynucleotides fluorescents en 
exces: 



* passer les echantillons sur colonne de Sepha- 
dex G50, 

' recuperer les eluats. 
e) Detection 



La detection se fait pour chaque echantillon 
apres migration electrophoretique et excitation par 
une source telle qu'un laser. Le signal est analyse 
par un fluorometre. 

On obtient les courbes a (temoin) et b 
(malade), comme visible sur la figure 1, qui permet 



a) Materiel de depart 

75 " ADN simple brin de bacteriophage Ml3mp8 

* Oligonucleotide de synthese dit Primer Universel 
de sequence : 3'TGACCGGCAGCAAAATG5' 
La premiere base incorporee sur I'amorce dans le 
sens 5 — >3 est un G. 

20 

b) Protocole 



Le protocole est equivalent au protocoie de 
25 detection de mutation ponctuelie a partir de I'etape 
c de I'exemple 1. Les etapes a et b sont inutiles, I' 
ADN du phage M13 etant non contamine par des 
oligonucleotides. 

En vartante, le protocole est le suivant : 
30 - 3 ug d'A.D.N. simple-brin M13 

- 15 ng d'oligonucleotide primer universel 

- 7 u! de Tampon 5X Sequenase 

- H 2 0 qsp 22 ul 

La detection revele I'incorporation sur le primer 
35 d'un dideoxy GTP, ce qui correspond au resultat 
attendu, comme visible sur la figure 2, qui montre 
les resultats obtenus avec deux dilutions differen- 
tes des ddNTP (1/200 (a) et 1/400eme (b)). 

Ainsi que cela ressort de ce qui precede, I'in- 
40 vention ne se limite nullement a ceux de ses 
modes de mises en oeuvres, de realisation et d'ap- 
plication qui viennent d'etre decrits de facon plus 
explicite ; elle en embrasse au contraire toutes les 
variantes qui peuvent venir a I'esprit du technicien 
45 en la matiere, sans s'ecarter du cadre, ni de la 
portee de la presente invention. 

Revendications 

50 

1 " ) Procede de detection et/ou d'identification 
d'une base nucleotidtque specifique presente sur 
une sequence d'acide nucieique, caracterise en ce 
que 

55 (1) on hybride la sequence sur laquelle se trou- 
ve la base a identifier avec un nucleotide de 
longueur suffisante pour permettre une hybrida- 
tion correcte, quelle que soit la temperature de 
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reaction, ledit nucleotide s'hybridant avec la se- 
quence cible, de maniere a ce que son extremi- 
te 3 soit adjacente a la base nucleotidique 
specifique a detecter et/ou a identifier ; 

(2) on debute la synthese du brin complementai- 
re de I'hybride obtenu en <1), - ledit nucleotide 
servant d'amorce en presence : 

- d'une polymerase sans action exonuclease 
3'5' et 

- d'au moins une base nucleotidique modifiee, 
de maniere a etre incorporable dans le produit 
d'extension de I'amorce, iadrte incorporation bto- 
quant I'elongation dudit produit d'extension ; 

(3) on detecte la base nucleotidique bloquante 
incorporee par tout moyen approprie, ladite de- 
tection permettant d'identifier la base nucleotidi- 
que specifique comptementaire presente sur la 
sequence cible a analyser. 

2 * ) Procede selon la revendication 1 , caracterise 
en ce que les bases nucleotidiques bloquantes 
sont des didesoxynucleotides. 

3 * ) Procede selon la revencication 1 ou la revendi- 
cation 2, caracterise en ce que lesdites bases 
nucleotidiques bloquantes sont marquees de ma- 
niere appropriee, notamment a I'aide d'un mar- 
queur choisi dans le groupe qui comprend des 
substances radioactives, des enzymes, des pro- 
duits chimiques chromophores fluorescents ou chi- 
mioluminescents et des anticorps appropries. 

4*) Procede selon la revendication 3, caracterise 
en ce que le marqueur est identique ou different 
pour chacune des bases nucleotidiques bloquan- 
tes. 

5*) Procede selon la revendication 4, caracterise 
en ce que lorsque les quatre bases bloquantes 
sont marquees a I'aide de marqueurs differents, la 
detection des quatre nucleotides bloquants est 
avantageusement simultanee. 

6 ) Procede selon Tune quelconque des revendi- 
cations 1 a 4, caracterise en ce que lorsque les 
quatre bases bloquantes sont marquees de manie- 
re identique ou bien lorsqu'elles ne sont pas mar- 
quees, la detection des quatre nucleotides blo- 
quants est realisee successivement et/ou separe- 
ment. 

7 ) Procede selon la revendication 6, caracterise 
en ce qu'on dose, de maniere appropriee, le pyro- 
phosphate forme lors de la reaction de polymerisa- 
tion, ledit dosage de pyrophosphate permettant de 
determiner pour laquelle des bases une reaction de 
polymerisation s'est produite. 

8 ) Procede selon la revendication 6, caracterise 
en ce qu'on detecte chaque base nucleotidique 
bloquante marquee. 

9") Kit ou coffret de diagnostic, pret a I'emploi, 
pour la mise en oeuvre du procede sefon Tune 
queiconque des revendications 1 a 8, caracterise 
en ce qu'il comprend outre les quantites convena- 



bles de reactifs et tampons adaptes a la mise en 
oeuvre du procede : 

- des quantites appropriees d'un nucleotide, ser- 
vant d'amorce, capable de s'hybrider avec la se- 

5 quence cible de maniere a ce que son extremite 3 
soit adjacente a ia base nucleotidique specifique a 
detecter ; 

- des quantites appropriees de quatre bases nu- 
cleotidiques modifiees, de maniere a etre incorpc- 

io rabies dans le produit d'extension de I'amorce tout 
en bloquant I'elongation dudit produit d'extension : 
et 

- des quantites appropriees d'une polymerase san-s 
action exonuclease 3 5 . 

15 10*) Kit ou coffret selon la revendication 9, carac- 
terise en ce que les bases nucleotidiques modi- 
fiees sont des didesoxynucleotides. 
11*) Kit ou coffret selon la revendication 9 ou la 
revendication 10, caracterise en ce que les bases 

20 nucleotidiques modifiees sont marquees de manie- 
re appropriee, notamment a I'aide d'un marqueur 
choisi dans le groupe qui comprend des substan- 
ces radioactives, des enzymes, des produits chimi- 
ques chromophores fluorescents ou chimiolumines- 

25 cents et des anticorps appropries. 

12*) Kit ou coffret selon Tune quelconque des 
revendications 9 a 11. caracterise en ce qu'il com- 
prend, en outre, des reactifs appropries pour le 
dosage du pyrophosphate. 

30 13 ) Application du procede selon Tune quelcon- 
que des revendications 1 a 8, a la detection de la 
presence de sequences d'acides nucleiques parti- 
culieres associees a des maladies, telles que mala- 
dies genetiques ou maladies cancereuses, a des 

35 infections, ou propres a permettre Identification 
d'individus humains, animaux ou vegetaux. 
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54. Fast screening and/or identification of a single base on a nucleic acid sequence, 
including applications. 

57. This method is characterized by: ( 1 ) hybridization of the sequence upon which 
the base to be identified is located using a nucleotide that is sufficiently elongated; 
(2) initiating synthesis of the template strand of the hybrid generated above in (1) - 
with this nucleotide functioning as catalyst in the presence of a polymerase without 
exonuclease 3*5* action and at least one modified nucleotide base; (3) screening for 
the nucleotide blocker base that is binding using any appropriate method. 
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Application: diagnosis of genetic diseases. 



EP 0 412 883 Al 



FAST SCREENING AND/OR IDENTIFICATION OF A SINGLE BASE ON A 
NUCLEIC ACID SEQUENCE, INCLUDING APPLICATIONS. 

The following invention is related to screening and/or identification of a single base on 
a nucleic acid sequence, including applications, in particular for the diagnosis of genetic 
diseases and for checking hybridization. 

Nucleic acid hybridization has been used to identify and establish the presence of 
nucleic acids. Hybridization is based on complementary base pairing. When 
complementary single strand nucleic acids are incubated together, the single strand 
nucleic acids in question pair to create a double strand hybrid molecule. The capacity of 
single strand DNA or RNA to create a structure composed of a complementary nucleic 
acid sequence is used as a method of both analysis and diagnosis. Availability of both 
radioactive triphosphate nucleotides with specific and significant activity, and p DNA 
labeling with enzymes functioning as polymerase (e.g.; T 4 kinase), have made it possible 
to identify, isolate and characterize numerous nucleic acid sequences of biological 
significance. 

Hybridization is a significant criteria for screening particular nucleic acid sequences as 
in the following: 

- human or animal genetic diseases where a hereditary modification of the genetic base 
invokes morbid consequences (cither through insertion, deletion or point mutation of a 
particular sequence); 

. cancer where rearrangements of DNA genomes are observed; 

- infections where foreign genomes are screened such as those of micro-organisms (e.g.; 
bacteria, fungi and viruses); 

- identification of individuals in general; 
forensic medicine (e.g.; paternity and filiation); 

- the agri-food products domain (e.g.; crops and sanitary control). 

However, hybridization as a diagnostic tool may be limited due to the difficulty of its 
implementation (unwieldy techniques) or due to the absence of specificity (operational 
protocol). 
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Chemical study of hybridization has uncovered the effects of the concentration of each 
nucleic strand implicated, their lengths, base compositions, temperature, pH, ionic force 
and contextual viscosity. 

Temperature for example is crucial and must be kept below fusion temperature (Tm: 
temperature where 50 % of sequences occur as double strands). In a solution, optimal 
hybridization temperature is 25 0 C below Tm for a probe of 150 nucleotides and slightly 
lower for shorter probes. 

Thus, in general, when the goal is screening mutations on a single base, two kinds of 
probes may be used, depending on the case: nucleic acid probes generally above 1 50 
nucleotides, termed long probes, and short nucleic acid probes generally between 1 7 and 
24 nucleotides. When a mutation occurs where it can be recognized by a specific enzyme, 
termed restriction enzyme, Southern's technique may be used: this involves stages of 
DNA isolation, restriction enzyme digestion, gel electrophoresis, transfer to a filter and 
hybridization using a long probe related to the mutation area; following wash out and 
autoradiography, analysis of fragment size allows to confirm or reject the presence of 
mutations. The very unwieldy procedure requires that the mutation be dependent on a 
restriction area. When this is not the case, a short oligonucleotide probe with 1 7 to 24 
nucleotides may be synthesized where the center corresponds to the mutation that is to be 
screened By selecting appropriate hybridization and rinsing conditions (specific to each 
system), hybridization may be achieved using a labeled oligonucleotide only in cases of 
perfect homology (a single nucleotide difference, at the mutation site in particular, creates 
destabilization of the hybridization). 

However, all of these methods present a number of disadvantages: 

- difficulty of sustaining temperature conditions so as to obtain appropriate hybridization; 

- potential compulsory presence of a restriction site; 

- blotting of the nucleic acid on a filter (Southern blot). 

The American patent AMERSHAM # 4,656,127 has made it possible to circumvent 
some of these disadvantages, in particular with respect to screening mutations where no 
restriction enzyme cleavage sites are present. 

This American patent # 4,656,127 describes a screening method for the mutation of a 
specific nucleotide base in a fragment of (DNA or RNA) nucleic acid that is targeted by: 

(a) hybridization of a target sequence probe to create a hybrid nucleic acid in which 
the tip of the probe is hybridized next to the specific nucleotide base; 

(b) mixing of the hybrid with a nucleotide derivative under conditions appropriate for 
elongating the probe, so as to promote junction of the nucleotide derivative with 
the probe tip, only when the specific base of the sequence corresponds (or does 
not correspond) to the mutation that is to be screened, as probes related to this 
derivative are resistant to digestion under particular conditions; 
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(c) digestion of the hybrid via cxonuclease under conditions such that the double 
strand fragment is slowly digested, probe tip first, unless the lip in question has 
been connected with the nucleotide acid; 

(d) elimination of portions of the probe that are no longer hybridized with the nucleic 
acid chain; 

(e) and screening for a mutation of the specific nucleotide base in the target 
sequence by screening for the probe, or its absence, following digestion. 

This method implies use of a nucleotide derivative with specific properties, in addition 
to the probe, and consequently subsumes many steps. Additionally, it requires filter 
blotting of the nucleic acid, as well as labeling (of the probe or the nucleotide derivative) 

Thus, in the invention herein, the goal has been to provide an identification procedure 
for a specific nucleotide base, that is both fast and easy to implement, and that responds 
belter to the demands of practice than previous state of the art, especially since this 
procedure docs not necessitate complex operational protocols (i.e.; neither DNA blotting, 
nor probe labeling) while it applies to screening of specific nucleic acid sequences for 
genetic diseases, cancer, infections, human, animal or plant identification. 

The goal of the invention, herein, is screening and/or identification of a specific 
nucleotide base found on a nucleic acid sequence, and is characterized as follows: 

(1 ) hybridization of the sequence on which the base to be identified is found using a 
nucleotide of sufficient length to enable appropriate hybridization where, 
regardless of reaction temperature, the nucleotide hybridizes with the target 
sequence so that the 3' tip is next to the nucleotide base requiring screening 
and/or identification; 

(2) initialization of the synthesis of the template strand generated with the hybrid in 
(1 ), with this nucleotide functioning as catalyst in the presence of: 

- a polymerase without cxonuclease 3*5 1 action and 

- at least one modified nucleotide base, that can bind with the catalyst extension 
product, with this binding blocking elongation of the extension; 

(3) screening for the nucleotide blocker base using any appropriate method, with this 
screening allowing for identification of the specific template nucleotide base 
found on the target sequence to be analyzed. 

In the invention herein, nucleotide refers both to an oligonucleotide with 10 to 50 bases 
and to a nucleotide with more than 100 bases. 

According to one advantageous implementation of such a method, the nucleotide 
blocker bases are didesoxynucleotides. 
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According to another advantageous implementation of such a method, the nucleotide 
blocker bases are labeled appropriately and specifically with a marker selected from 
radioactive substances, enzymes, chemical chromophore fluorescent products, or 
chemi luminescent products and appropriate antibodies. 

According to an advantageous provision of this implementation, the marker may be 
identical or different for each of the nucleotitidic blocker bases. 

According to a modality of this provision, when the four nucleotide blocker bases ai e 
differentially labeled, screening of the four blocker nucleotides is advantageously 
simultaneous. 

According to another advantageous implementation of this method , when the four 
blocker bases arc labeled with identical markers, or when they are unlabeled, screening 
for the four nucleotide blockers occurs sequentially and/or separately. 

According to an advantageous provision of this mode of implementation, the 
pyrophosphate created during polymerization may be appropriately screened. 

This means that polymerization generates production of a pyrophosphate as follows: 



By measuring the pyrophosphate in each of the reaction tubes, it is possible to 
determine for which of the bases polymerization has occurred. 

According to another advantageous provision of this mode of implementation each of 
the labeled nucleotide bases may be screened. 

This means that each reaction tube contains, in this case, a single labeled nucleotide 
base, the remaining three not having been labeled; measurement of the labeled buse (via 
fluorescence, radioactivity, etc.) allows determining for which of the bases 
polymerization has occurred, unbound and unlabelled bases having been eliminated via 
wash out. 

This invention also presents the advantage of allowing for specification of operational 
conditions, separately from the nucleotide bases to be identified while avoiding filter 
blotting of the nucleic acid. 

The invention, herein, also pertains to a ready to use kit, or diagnostic set, for 
implementing procedures, which is characterized, in addition to appropriate amounts of 
buffering substances and suitable agents, as follows: 

- appropriate amounts of a nucleotide (used as catalyst) capable of hybridizing with the 
target sequence so that its 3* tip is next to the specific neucleotidic base to be 
screened; 



matrix - catalyst + dNTP 



•> matrix - (catalyst + dNTP) + PP, 
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- appropriate amounts of four modified nucleotide bases ready for binding with the 
catalyst extension product while blocking elongation of the extension; and 

- appropriate amounts of a polymerase, without 3*5* exonuclease. 

According to an advantageous use of this kit, or diagnostic set, the modified nucleotide 
bases arc didesoxynucleolides (ddTTP, ddGTP, ddATP, ddCTP). 

According to another advantageous use of this kit, or diagnostic set, the modified 
nucleotide bases are labeled appropriately and specifically using radioactive substances, 
enzymes, chemical chromophore fluorescent products or chemiluminescent products with 
appropriate antibodies. 

According to another advantageous use of this kit, or diagnostic set, there are also 
appropriate buffer amounts for measurement of the pyrophosphate. 

In addition to the preceding provisions, this invention subsumes additional provisions 
that arc outlined in the following description. 

This invention may be better understood in light of the following description where 
examples of implemented procedures, subsumed by this invention, are presented. 

It should be noted, however, that the following exemplification is only an illustration 
of the object of this invention, and that it does not constitute limitations of any kind. 

Kx ample 1 : Diagnosis of sickle cell disease using the procedure of this Invention 
< measurement of fluorescent dldcsoxvnucleotidesV 

Sickle cell disease, or sickle cell anemia, is caused by mutation of one of the exons of 
the C coding gene for the hemoglobin (Hb) fl chain. This mutation, involving substitution 
of an adenine (A) with a thymine (B), modifies the codon GAG that translates into a 
glutamic acid (in G position) in normal Hb, into a GTG codon, that translates into a 
valine in abnormal Hb (HbS). The DNA used in this example corresponds to an amplified 
single strand DNA sequence. 

a) Blocking of amplification catalysts 

For each DNA matrix mix in a microcentrifuging tube; 

- 100 ng of DNA (amplified single strand) 

- 7 ul Scquenase agent 5X (= Tris-HCI pH 7.5.200 mM, NaCl, 250 mM; MgCl 2 1 00 niM) 

- H z O qsp 22 Ml 

- agitate with a vortex and centrifuge promptly 

- incubate in a water bath at 95° C for 2 minutes 

- promptly remove and place in a water bath at 37° C for 10 minutes 

- prepare a buffer for the DNA sample consisting of: 
-2.5 ul DTT0.1 M 

- 1 ul of a mixture containing ddNTP diluted 1 :400 (ddTTP. 1 12 urn; ddGTP: 1 .12 urn; 
ddATP: 3.36 urn; ddCTP: 8.96 p); and 
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-H 2 Oqsp 6.5 ul 

- Sequenase 1 u1 (3 units) 

- remove tubes from the water bath, and promptly centrifuge 

- add buffer, and stir, 

- place tubes in a water bath at 37° C for 5 minutes, 

- remove tubes, and place them in ice. 

b^ Elimination of excess cold di deaoxvnuclootides 

Ccntricon 3 or 1 0 (Ami con) microseparation systems arc used as they allow, via 
membrane filtration by accelerated centrifuge, retaining molecular specimens with a 
molecular weight above 3 000 to 10 000 Daltons (a nucleotide, for example, corresponds 
to 300 D and a 20 matrix synthesized oligonucleotide corresponds to 6 600 D). 

- place the reacting volume arising out of a) in a "Centricon" 3 or 10 and dilute if 
necessary. 

- centrifuge to less than 5 000 g following manufacture guidelines to recover minimal 
volume, 

- reverse the "Centricon" system 
centrifuge to recover the reacting volume 

- bring volume back to 12 uJ. 

cl Microsequenciny (procedure pertaining to the invention) 

For each DNA tube, add to the 12 ul: 

- 1 5 ng of oligonucleotide 5' CATGGTGCACCTGACTCCTG 3' (OA) corresponding to 
the sequence that ends next to the mutation 

- 7 ul Sequenase 5X agent as specified in a) above and proceed as for a), then prepare a 
buffer for each sample using: 

-2.5 ul DTT0.1 M 

- 1 ul of a mixture diluted to 1 :400 of fluorescent ddNTP (ddTTP: 1 12uM; ddGTP: 
1 12uM; ddATP: 3.36uM; ddCTP: 8.96u,M). Fluorescent didesoxynucleotides are 
marketed by Du Pont (Genesis M 2000 DNA Analysis System); 

- H 2 Oqsp 6.5 ul 

- Sequenase 1 ul (3 units) 

- remove tubes from the water bath, promptly centrifuge, 

- add buffer, and stir 

- place tubes in a water bath at 37° C for 5 minutes 

- remove tubes, and place them in ice. 

d^ Washing out excess fluores cent dideaoxynucleotides 

- place samples on a Sephadcx G50 column 

- recover elutes. 

e) Screening 
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Screening occurs for each of the samples following electrophoretic migration and 
stimulation, using a laser for example. Signals are analyzed with a fluorometer. 

Distributions, a (control) and b (patient) as shown in Figure 1 allow screening for the 
position of a potential mutation, with binding of ddATP in -a- for a healthy individual 
and binding of ddTTP in -b- for the homozygous individual. 

Examp l e 2; Mlcroseouenclnr of a ha»e on *> n„rin c add seq ue nce ninrtori ftphftpr 

M13 mpfi ON A) 

a) Initial materials 

Single strand bacteriophage M13mp8 DNA 
Synthesized oligonucleotide termed Universal Primer of the sequence: 
3 TGACCGGC AGCAAAATG5 ' . The first base for binding on the catalyst in the 5' 
->3' direction is a G. 

b) Procedure^ 

Procedures are equivalent to procedures for screening point mutations beginning with 
step c in example 1 . Steps a and b are unnecessary, since DNA of the phage M 13 is not 
contaminated with oligonucleotides. 

A variation of procedures follows: 

- 3 single strand DNA Ml 3 

- ) 5 ng oligonucleotide universal primer 

- 7 ul Scquenase 5X buffer 

- H 2 0 qsp 22u1 

Screening reveals binding of a didesoxy GTP on the primer, which corresponds to 
expectations, as in figure 2 showing results obtained with two different ddNTP solutions 
(1:200) (a) and (1:400) (b). 

As evidenced in the above, this invention is clearly not limited to the implementations, 
realizations and applications that have been explicitly detailed; rather it embraces all the 
variations that technicians can conceive of in this domain, without falling short of the 
framework and scope of this invention. 



Claims 

1) Procedure for screening and/or identification of a specific nucleotide base located in a 
nucleic acid sequence and characterized by: 

(1) hybridization of the sequence upon which the base to be identified is located, 
using a nucleotide of sufficient length to allow for correct hybridization, regardless of 
reaction temperature, with the nucleotide hybridizing on the target sequence so that its 3' 
tip is next to the specific nucleotide base to be screened and/or identified; 
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(2) initiating synthesis of the template strand of the hybrid generated above (1 ) - with 
this nucleotide functioning as catalyst in the presence of 

- a polymerase without cxonuclease 3*5* action and 

- at least one modified nucleotide base that can bind to the catalyses extension 
product, with binding blocking the elongation of the extension; 

(3) screening the nucleotide blocker base that is binding using any appropriate 
method, with screening allowing for identification of the specific complementary 
nucleotide base present on the target sequence that is the object of the analysis. 

2 ) Procedure according to Claim No. 1, where blocker nucleotide bases are 
didesoxynuclcotides. 

3 ) Procedure according to Claim No. 1 or Claim No. 2, where blocker nucleotide bases 
are appropriately labeled, in particular with a marker that has been selected from 
radioactive substances, enzymes, chemical chromophorc fluorescent products or 
chemiluminescent products and appropriate antibodies. 

4 ) Procedure according to Claim No. 3, where markers are identical or different for each 
of the blocker nucleotide bases. 

5 ) Procedure according to Claim No. 4, where resulting from differential labeling of the 
four blocker bases, screening of the four blocker nucleotides is advantageously 
simultaneous. 

6 ) Procedure according to any one of Claims No. 1 through No. 4, where resulting from 
identical labeling of the four blocker bases or non-labeling, screening of the four 
nucleotides occurs either sequentially and/or separately. 

7 ) Procedure according to Claim No. 6, where the pyrophosphate created during 
polymerization is measured in an appropriate manner, with this pyrophosphate 
measurement allowing determining for which of the bases polymerization has occurred. 

8 ) Procedure according to Claim No. 6, where each of the labeled nucleotide blocker 
bases may be screened. 

9 ) Ready to use kit, or diagnostic set, for implementation of the procedure according to 
any one of Claims No. 1 through 8 where, in addition to containing appropriate amounts 
of buffers and agents for implementation of procedures, it contains: 

- aappropriate amounts of a nucleotide used as catalyst, that can hybridize with the target 
sequence so that its 3' tip is next to the specific nucleotide base to be screened. 

- appropriate amounts of the four modified nucleotide bases for binding with the 
catalyst's extension product while blocking elongation of that extension; 

and 

- appropriate amounts of a polymerase without exonuclease 3*5' action. 

10 ) Kit, or diagnostic set, according to Claim No. 9, where the modified nucleotide bases 
are didesoxynucleotides 
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1 1 ) Kit, or diagnostic set, according to Claim No 9 or 10, where the nucleotide bases are 
labeled appropriately, in particular with markers selected from radioactive substances, 
enzymes, chemical chromophore fluorescent products or chemiluminescent products and 
appropriate antibodies. 

1 2 ) Kit, or diagnostic set, according to any one of Claims No. 9 through 1 1 , 
characterized in that it also includes appropriate reaction agents for the measurement of 
pyrophosphate. 

1 3 ) Application of the procedure according to any one of Claims No 1 through 8 for 
screening of particular nucleic acid sequences related to diseases such as genetic diseases 
or cancer, infections, or allowing for identification of individual humans, animals or 
plants. 
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Detection and/or identification of a specific nucleotide base (N) 
in a nucleic acid sequence (I) comprises (i) hybridising (I) with a 
nucleotide (II) sufficiently long to permit correct hybridisation at 
any reaction temp. (II) hybridising with the target sequence such that 
its 3'-terminus is adjacent to N; (2) synthesis of the strand 
complementary to the hybrid is started (II) serving as primer) in 
presence of a polymerase (P) having no 3' , 5'-exonuclease activity and 




at least oen modified nucleotide base (N') which is incorporable into 
the extension product but once incorporated blocks elongation of the 
extension product; and (3) detecting N' by any suitable method so as to 
identify the complementary N in the sequence being analysed. Also new 
are kits for this method. 

USE/ADVANTAGE - The method is used to detect (I) associated with 
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humans, animals or plants. Unlike known methods, it is rapid and easy 
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probes. (9pp Dwg.No.0/2) 
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Process for detecting and/or identifying a specific nucleotide base 
present on a target nucleic acid sequence of the type comprising an 
hybridisation step of the target sequence on which the base to be 
identified is present with a nucleotide sequence probe of sufficient 
length to permit a correct hybridisation, whatever the reaction 
temperature, a step of synthesis of the complementary strand of the 
obtained hybrid - the said nucleotide sequence probe serving as 
primer-, in the presence of a polymerase without 3'5' exonuclease 
action, and a step of detection of the base to be identified by any 
appropriate means, said process being characterised in that: said 
nucleotide sequence serving as primer, hybridises with the target 
sequence in such a way that its 3' end is adjacent to the specific 
nucleotide base to be detected and/or to be identified; and the 
synthesis of said complementary strand is performed in the presence of 
at least one blocking nucleotide base selected among dideoxynucleotides 
and in the absence of dNTP, said blocking nucleotide base, when it is 
incorporated, is detected and permits identification of the 
complementary specific nucleotide base present on the target sequence 
to be analysed. 
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